a r t i c l e i n f o (Fig. 1a) . liquid is in contact with air inside the straw (Fig. 1b) .
227
Numerical simulations were carried out considering both sys- device. The equations that represent the finite cylinder were ex-230 plained in detail in Lane et al. [10] . Cartesian coordinates (Fig. 2b) . The partial differential equation 244 that represents the heat conduction in transient state is: the OPS system shows the lowest performance, with a cooling rate Fig. 4 ).
287
The core temperature (warmest point of the system) repre- (Fig. 3b) . On the other hand, the warmest point in 293 the OPS method is positioned at r = 0 and z = L (Fig. 1b) the cooling rates at the warmest point in the vitrification systems.
331
However if a point in direct contact with LN 2 is considered in the 332 OPS system, for example z = 0 and r = 0 (see Fig. 1b 
